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ANNUAL ENVIRONMENTAL M0NFM)RING REPORT 

U S ENERGY RESEARCH AND DEVELOPMENT ADMINISTRATION 

Rocky Flats Plant 

January through December 1976 

Daryl D Hornbacher 

INTRODUCTION 

The Rocky Flats Plant is a Government-owned and 
contractor-operated faclhty It is part of a nation- 
wide research, development, and production 
complex that 1s admmistratively controlled by the 
Albuquerque Operations Office of the U S Energy 
Research and Development Administration (ERDA) 
The prime operatmg contractor is Rockwell 
International, Atomics International Diwsion 
Construction of the faahty began in 195 1,  it 
became operational m 195 2 

The Rocky Flats Plant is located m northern 
Jefferson County, Colorado, almost equidistant 
from the aties of Boulder, Golden, and Arvada 
The faahty is approxlmately 26 hlometers 
(1 6 miles) northwest of downtown Denver, at 
105" 11' 30'' west lonatude and 30" 53' 30'' 
north latitude (see Flgure 1 *) The s t e  consists of 
approxlmately 2,650 hectares (6,500 acres) of 
federally-owned land As shown in Figure 2, major 
Plant structures are located withn a security- 
fenced area of 155 hectares (385 acres) 

The Plant is a key ERDA facihty for produmg 
components for nuclear weapons, thus most of the 
work is directly related to national defense The 
Plant is involved m fabricating components from 
plutonium, uranium, berylhum, and stamless steel 
Production activlties mclude numerous metal 
working, fabncation, and assembly shops, chemical 
recovery and purification processes, and associated 

+Figures appear at the end of this report 

quahty control functions Research and Develop 
ment programs mclude chemstry, physlcs, 
matenals technology, ecology, nuclear safety, 
mechanical engmeering, health physm, and 
enwonmental control 

As part of ERDA's energy research programs, a 
Small Wmd Energy Converslon Systems (SWECS) 
test faahty is bemg constructed by Rockwell in 
the northwest corner of the Rocky Flats Plant ate 
ms test facihty wdl be a key national research 
center in the development of wmd energy devlces 

The more than 100 structures that now consbtute 
the Plant represent about 2 1 milhon square feet 
of floor space Of ths, the major fabrication 
(manufactmg), chemical processmg, and waste 
treatment facihties account for about 1 4 W o n  
square feet (ths includes about 331 ,OOO square 
feet for a new plutonium recovery and waste 
treatment complex now under construction) The 
major laboratory and research buildmgs account for 
about 154,000 square feet The r e m m g  floor 
space is dimded among admuustrabve, utihty, 
secunty, warehousmg, storage, and construction 
contractor faalities 

All of the Plant's heatrng requements are met by 
in-plant steam boilers that normally use natural gas 
but also are capable of umg fuel oil D m g  
Calendar Year 1976, approxlmately 568 nullton 
cubic feet of natural gas and approxlmately 81 3 
thousand gallons of fuel oil were used to meet the 
Plant's heating requirements Raw water 1s obtamed 
from the Denver Water Board and is drawn from 
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the Ralston Reservoir and the South Boulder 
Diversion Canal The Rocky Flats Plant used 
approximately 1 I6  milhon gallons of water durmg 
1976 

The natural environment of the Plant ate and 
vlcmity is influenced pmar i ly  by two thmgs 
(1) the Front Range of the Rocky Mountams, 
whch is unmediately west of the ate, and (2) the 
site elevation, which is approxlmately 1,829 meters 
(6,000 feet) above sea level The surficml geology 
of Rocky Flats consists of a thin layer of gravelly 
topsoil underlain by a 6- to 15-meter-thck layer 
(20- to  49-feet) of coarser, clayey gravel Thls, 
m turn, is underlam by an impermeable bedrock 
structure upon which most of the buddmg founda- 
tions are supported Area hydrology is mfluenced 
by the topsoil, which consists of gravelly and hghly 
permeable alluvium Little water is retamed m the 
soil, and vegetation in the area is sparse Assorted 
low-growing pralrie grasses, prickly pear, and spamsh 
bayonet cactus constitute the mam ground cover 
Cottonwood trees grow adjacent to watercourses 
The piedmont of the Front Range of the Rocky 
Mountains rises 8 kilometers (5 miles) west of the 
site, and crests at the continental diwde 32 
kilometers (20 miles) beyond These topographc 
features, in combination with atmospheric 
processes and solar radiation, produce a harsh, 
semiarid climate that is reflected in the natural 
ecology of the site 

All process wastewater is analyzed and, if requued, 
radioactive and nonradioactive contammants are 
removed pnor to the wastewater bemg stored m 
evaporation and retention ponds located on the 
Plant site Stationary wastewater is treated by an 
on-site tertiary treatment facihty As shown in 
Figure 3 ,  surface water runoff from the Plant is 
from west to east Runoff is carried from the 
Plant boundanes by three major drainage baslns 
that are tributary to Walnut Creek on the north 
and to  Woman Creek on the south The south 
fork of Walnut Creek is the main effluent water- 
course from the Plant The confluence of the 
north and south forks of Walnut Creek is 1 1 
kilometers (0 7 mile) west of the Plant’s eastern 
boundary Great Western Reservolr, a major water 
supply for the City of Broomfield, is about 1 6 

kilometers (1 mile) east of this confluence 
Woman Creek flows east from Rocky Flats mto 
Standley Lake, a water supply for the City of 
Westminster and for portions of the cities of 
Northglenn and Thornton The north fork of 
Walnut Creek, south fork of Walnut Creek, and 
Woman Creek watercourses are deslgnated A, By 
and C respectively 

Personnel m the Enwonmental Saences Department 
of Rockwell International at Rocky Flats conduct 
an ongoing envuonmental monitonng and samphg 
program The program is deslgned to promde 
assurance that the many safeguards m use are 
workmg properly Also, the program provldes 
assurance that discharges of materials are as low 
as practicable and withrn the hmits set by appropnate 
regulatory agencies 

The enwons are monitored and sampled for 
radioactivlty and for chemical and biological 
pollutants Au, water, and soil are sampled not 
only on the Plant site but also m the surroundmg 
reDon Several Federal, State, and local govern- 
mental agencies conduct additional, independent, 
enwonmental surveys on and off the Plant a te  
The Colorado Department of Health samples an, 
soil, and water around the Rocky Flats site as 
part of its statewide surveillance program The 
Jefferson County Health Department performs 
monthly sewage-plant effluent samphng and 
analysis and has one continuous particulate au  
sampler o n a t e  that is operated by the Colorado 
Department of Health The New York ERDA 
Health and Safety Laboratory conducts particulate 

Plant and penodically performs soil samphg and 
analysis Additional monitoring or sampling is 
performed by the U S Enwonmental Protection 
Agency (EPA) 

I 

I 

I 

I 
I 

I 
, 

I 

I 

a~ samphng in the mcmity of the Rocky Flats l 

The information contained in this report is a 
compilation of data pronded monthly to the 
Rocky Flats Area Office of ERDA, the Division 
of Occupational and Radiological Health of the 
Colorado Department of Health, the Regional 
Office of the EPA, the health departments of 
Boulder and Jefferson Counties, and to interested 
city officials in communities near the Plant 
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SUMMARY 

During 1976, the Rocky Flats Plant conducted an 
environmental monitonng program that included 
the samphng and analysis of air, water, and soil 
on and off the plant site Also, mkasurements of 
enwonmental penetrating-radiatipn hose were 
made using thermoluminescent dosimeters (TLD's) 

Particulate samples were collected from au samplers 
that operated continuously at distances of 3 to 6 
kilometers (2 to 4 miles) and in 12 communities 
that range from approximately 19 kilometers (1 2 
miles) to 26 kilometers (1 6 miles) from the Plant 
Analysis of these samples for plutonium indicated 
that auborne plutonium in communities surroundmg 
the Plant was w i t h  the range attnbuted to fallout 
from nuclear weapons testmg The average 
plutonium concentration within 3 to 6 kilometers 
and in community ambient a n  was less than 0 08 
percent of the apphcable ERDA-estabhshed 
Radioactivity Concentration Guide (RCG) 

Plutonium, uranium, americium, and tritium con- 
centrations were monitored in South Walnut 
Creek (Pond B-4 monitoring station, see Figure 3), 
whch contains effluents from Rocky Flats' sanitary 
waste treatment plant Similar monitonng was 
conducted at Ponds A-3 and C-1 monitormg stations 
in the other two watercourses that provlde surface 
drainage from the Plant site All effluents were 
determined to be less than 0 13 percent of the 
apphcable RCG 

D w g  1976, all sanitary wastes were processed 
through a tertiary treatment system before bemg 
discharged from the Plant All Plant discharges 
were monitored for comphance with the Plant's 
NPDES* discharge permit No violations of the 
monthly discharge ]Imitations occurred, however, 
the da ly  hmtation for biochemcal oxygen demand 
was exceeded on three occasions These exceptions 
were not beheved to have been of any health or 
enwonmental consequence Overall, the monitor- 
mg of chemcal or bioloscal constituents mdicated 
that the tertiary treatment plant prowded effective 
treatment of the sanitary effluent 

*Nabonal Pollutant Discharge Elmmation System-an EPA 
permit identlfymg permtssible discharge levels of vanous non- 
radioactive effluents 

The plutonium, uranium, americium, and tribum 
radioactiwty concentrations were measured m 
Great Western Reservolr and m Standley Lake 
dunng 1976 and were found to be less than 0 10 
percent of the apphcable RCG values Plutonium, 
uranium, and amencium radioactiwty concentrations, 
as measured m the drinkmg water from nme 
cornmumties m the area, averaged less than 0 03 
percent of the apphcable RCG values 

Soil samples are collected annually from locations 
at distances of 1 6 kilometers (1 mle), 3 2 kilometers 
(2 miles), and 8 0 kilometers (5 miles) from the 
Plant slte at mtervals of 18 degrees of arc 
Analysls of 56 soil samples collected dunng 1976 
mdicated httle change m the plutomum concen- 
trabon u1 sod The maority of above-background 
values were found m the eastern sector of the 
samphng gnd system These elevated readmgs 
were east of an area m whch the soil IS known to 
contam some plutonium 

An assessment was made of the Plant's contnbution 
durmg 1976 to pubhc radlation dose Results 
mdicated that the maxlmum mdiwdual dose at 
the Plant pemeter  was approxunately 0 11 d l m m  
per year, and the maxmum mdiwdual dose at an 
occupied location was 0 04 mlluem III Broomfield, 
Colorado The total population dose forb uty 
was 0 55 man-rem These values represent 0 023, 
0 008, and 0 022 percent respectively of the 
appropriate ERDA mdivldual and populabon dose 
guides Total dose to the population hmg w i t h  
80 kilometers (50 mles) was calculated to be 
11 1 man-rem In compmson, background radiabon 
exposure m adjacent areas around the Plant was 
found to be approxunately 1 17 m l h m  per year 
The background radiation, caused by terrestnal 
and cosrmc sources, was measured u m g  TLD's. 
T ~ I S  background radiation exposure results III an 
annual dose of 237,000 man-rem to the population 
h m g  w i t h  80 lulometers of the Plant 

SITE METEORO-Y AND CLZMATOLOCY 

A 61-meter (2OGfoot) meteorologcal tower and a 
distal data aqws t ion  system were mstalled at 
Rocky Flats m March 1975 "%Is system mcludes 
sensors for measunng wmd speed, wmd dmction, 
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ambient temperature, solar radiation, dew pomt, 
barometnc pressure, and preapitation Ambient 
temperature Sensors are located at  the &meter 
(20-foot), 30-meter (1 00-foot), and 61 -meter 
(200-foot) levels on the tower Wmd-speed and 
wmddmction sensors are located at the &meter 
and 61-meter levels 

The wmd-speed and wmddaection Sensors are 
automatically sampled at 2second intervals and 
averaged at 10-minute mtervals Each 10 mnutes, 
average wmd speed, average wind duection, peak 
gust velocity, total preapitation, mstantaneous dew 
pomt, and mstantaneous barometnc pressure are 
recorded 

A summary of temperature, precipitation, and 
wmd data 1s gven m Table I (tables follow at the 
end of text, begmrung on Page 13) Wmd roses for 
the &meter and 61-meter level d u n g  1976 are 
shown m Fgures 4 and 5 respectively More 
detiled weather data is avadable m the Rocky Flats 
Plant Annual Weather Summary - 1976 

MONITORING, DATA COLLECTION, 
ANALYSIS, AND EVALUATION 

Apphcable Guides and Standards 

The U S Energy Research and Development 
Admmstration pubhshed what is called Radio- 
activity Concentration Guides (RCG) 
govern permissible concentrations of radionucltdes 
in alr (RCGa) and water (RCG,) accessible for 
m take by occupationally expo sed indimduals, 
incidentally exposed mdiwduals, and the population 
at large The guides are based on recommendations 
pubhshed by the International Commssion on 
Radiologxal Protection (ICRP) and the National 
Counal on Radiation Protection and Measurement 
(NCRP) Numerical values of these guides are cited 
in appropriate tables presented elsewhere in this 
report In all cases, these values are as restrictive 
or more restnctive than those hmits set by the 
Nuclear Regulatory Commission in regulating 
nuclear facihties in private mdustry 

These guides 

All radionuchdes in Plant effluents and envlron- 
mental samples are assumed to  be soluble for 
purposes of comparison with appropnate concen- 
tration guides T h s  assumption serves as an 
additional safeguard since the RCG for soluble 
radionuchdes are generally more restnctive than 
those for msoluble radioactive materials 

The Rocky Flats adrmnistrative guide value for 
concentrations of plutonium in alrborne effluents 
is 20 X microcuries per milhhter @G/ml) 
T h s  value is ERDA’s ambient-air, soluble plutonium 
concentration guide for the population at large 
The Rocky Flats administrative guide value for 
uranium isotopes in alrborne effluents is 3 X 
pCi/ml The ERDA solubie plutonium concentra- 
tion guide value in waterborne effluents for a 
suitable sample of the general population is 
1667 X pCi/ml The comparable ERDA guide 
for americium-241 m water is 1330 X pCi/ml 
The EPA’s discharge hmitation for beryllium (a 
nonradioactive mateml) is 10 grams per stationary 
source in a 24-hour penod 

The Rocky Flats Plant NPDES permit, issued in 
1974 by the EPA, estabhshed effluent concentration 
hnutations for total nitrogen, phosphate, Sday 
biochemical oxygen demand, fluoride, dissolved 
oxygen, resldual chlorine, total suspended sohds, 
fecal cohform bacteria, total chromium, oil and 
grease, and pH in the sewage treatment plant 
dlscharge It also estabhshed h i t a t ions  for 
mtrate and pH m the discharge from Holdmg Pond 
A-3 m Walnut Creek Numerical values of the 
effluent concentration h i t a t ions  are cited in 
Tables 4 and 12 

Background Ra&oactwity 

Although the guide values for radioactivity relate 
to concentrations above background, the measure- 
ments given m t h s  report include contributions 
from fallout and from radioactive materials found 
in ax, soil, and water on the eastern slope of the 
Colorado Rockies Typical regional background 
values for radioactive matenals in enwronmental 
media are ltsted with references in Table 2 

4 
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Enwonmental background penetratmg-radiation 
is measured using TLD’s at 45 locations on and 
around the Rocky Flats Plant site These measure- 
ments are made over a penod o f  approxlmately 
three months TLD’s are placed at 17 locations 
withm the inner area shown in Figure 2 Measure- 
ments are also made at 16 locations at 3 to 6 
kilometers (2 to 4 mdes) from the Plant and in 12 
communities located withm about 32 kilometers 
(20 miles) of Rocky Flats 

i 
I 

I 
I 

At each location, two TLD’s are placed at a height 
of 1 8 to 2 4 meters (6 to 8 feet) above ground level 
Each TLD conssts of a sealed glass bulb enclomg 
two extruded nbbons of CaFz Mn that sandwich 
a central metal heater stnp The TLD’s are 
enclosed m a case equpped with an energy 

I compensating slueld 

The 1976 TLD enwonmental measurements are 
gwen m Table 3 The mthmetic means for the TLD 
values, as measured on-ate, m the enwons, and 
m the communities, were 113, 106, and 117 
n u k e m  per year respectively These values are 
statlstically indlstmgutshable and are consdered to 
be typical background values derived from terrestr~al 
and cosmc radiation at or near Rocky Flats 

Analytical P r o c e d U ~ S  

Analysls for plutomum, urmum, and amenaum 
IS conducted m the followmg manner Prior to 
any separabon of elements from the sample matnx, 
a known quantity of non-mdgenous radioactwe 
tracer is added to each sample These tracers are 
used to d e t e m e  countmg effiaency and chemcal 
recovery The tracers used for plutomum, u m u m ,  
and amenaum are plutomum-236, uralllum-236, 
and cutlum-244, respectively 

Separation of the radioisotopes from the enwon- 
mental and effluent matnces is performed by ion 
exchange techniques The punfied radioisotopes 
are electrodeposlted onto stainless steel disks and 
radiometncally determmed by alpha pulse height 
spectrometry 

Detection Limits 

Table 4 shows n o m a 1  values for the Minimum 
Detectable Concentrations (MDC) of matenals m 
vanous media The values shown are for typical 
sample volumes as used m the Rocky Flats 
momtomg program For any mdiwdual sample, 
the MDC may be greater or smaller, depending 
on the aze  of the sample collected and analyzed 
Table 4 also hsts the vmous nonradioactrve standards 
and radioactmty concentrabon p d e s  appbcable 
to axborne and waterborne effluent releases from 
the Rocky Flats Plant 

Data Reduction 

Throughout the data presented, samples with 
concentrations below the MDC were comdered to 
have the MDC value for avcragmg purposes When 
one or more MDC values are mcluded m a set of 
values, the computed mean value of that s t  is 
mdicated by a less-than slgn (q. The average 
concentrabons (Cavg) are represented by pam of 
numbers (of the form a *b%) that defme the 
95% confidence mterval for Caw. "his mterval 
is centered at the arithmebc mean of the observed 
concentrations (c). The probabhty (P) that 
Cavg hes wthm the stated urterval IS 95%’ or 

P 

n \ 

a a v g  ( C+ to.ws F)] n ( n -  1) = 0 9 5  

Where, 
- 
c = the anthmehc mean of observed concentra- 

bons It is volume weighted whenever 
the volume is measured 

5 
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to 975 = value taken from a standard t-test table 

n = number of  samples 

EPA indicate that the Rocky Flats Health and 
Enwonmental Laboratory performance is 
satisfactory 

c1 = an individual, observed concentration 
Awborne Effluent Momtomg 

Quality Control 

An analytical quahty control program is conducted 
m the Rocky Flats Health and Enwonmental 
Laboratory The prmary goals of the program are 
to unprove and document the capabihty of 
enwonmental measurements Durmg 1976, the 
actimties of the analytical quahty control program 
were threefold 

1 Development, updatmg, and issuance of 
procedures 

2 Intra-laboratory quahty control 

3 Inter-laboratory quahty control 

Intra-laboratory quahty control is acheved through 
routine analysis of “bhnd” standard samples 
prepared and issued by the Rocky Flats Chemcal 
Standards Laboratory, umg traceable standards 
Numencal analysis of analytical results from these 
“bhnd” samples and subsequent assessment of 
laboratory performance is conducted by the 
Chemcal Standards Laboratory on a monthly basis 
The measurement statistics o f  all measurement 
control programs are based on a six-month mowng 
average Data for the final SIX months of 1976 are 
shown in Table 5 

The Rocky Flats Health and Envlronmental 
Laboratory also participates in the Inter-Laboratory 
Cross Check Program conducted by the EPA’s 
Enwonmental Measurements Support Laboratory 
111 Las Vegas, Nevada The EPA routinely submits 
enwonmental samples containing precisely known 
amounts of one or more radionuchdes to the Rocky 
Flats Health and Envlronmental Laboratory and 
other participating laboratories for analysis The 
resulting analyses are returned to the EPA for 
performance evaluation relative to other participating 
laboratories Computer reports and laboratory 
performance charts periodically furnished by the 

Particulates m effluent m from production and 
research facihties at Rocky Flats are contmuously 
sampled The filterable particulate samples are 
isokinetically collected downstream from the 
final stage of  High Efficiency Particulate An 
(HEPA) filters Exhaust an ducts from plutonium 
facihties have a minimum of two particulate 
samphng points These ducts also have an alpha- 
energy selective, automatically alarmed system 
Three times during each work week, particulate 
samples are collected from exhaust ducts and 
stacks in buildings that could contain plutonium, 
uranium, or berylhum Gelman Type AE@ glass 
fiber filters are used in ths sample collection 
system The particulate samples are radiometrically 
analyzed for total long-hved alpha (TLLct) emitters 
Berylhum particulates are determined by the flame 
atomic absorption spectrophotometry technique 
Effluent samples from buildings containing 
plutonium are composited weekly for specific 
radiochemical analysis for plutonium The effluent 
a u  is monitored contmuously for tritium by uslng 
a water bubbler impinger 

Table 6 shows the quantity of radioisotopes and 
berylhum released to the atmosphere from Plant 
facihties during 1976 Durrng ths  time period, 
over 7 1 0 0  mdividual analyses were performed The 
total amount of plutonium released to the atmosphere 
was less than 3 724 microcuries Total long-hved 
alpha emissons from uranium and research buildings 
were less than 27 671 microcuries In addition, less 
than 1 159 curies of tritium and less than 3 705 
grams o f  berylbum were released to the atmosphere 

Sulfur dioxide (SO,) emissions from fixed sources 
are regulated by the State o f  Colorado Each 
emission source is hmited to a maximum concen- 
tration of 500 parts per milhon (ppm) or a total 
of five tons per day The Rocky Flats central 
steam facihty is normally fired by natural gas, 
with residual oil (No 6 fuel oil) or diesel fuel for 
standby operation bemg available as backup fuel 
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The emission of SOz from Rocky Flats is controlled 
by the use of low sulfur fuels The purchasing 
specification for residual oils requires that the 
sulfur content shall not exceed one percent 
Routine fuel analysis during 1976 showed that 
these residual oils contained a sulfur content 
ranging from 0 5 to 0 7 percent 

Past emphasis m alrborne effluent monitoring has 
been on samphng for radioactive particulates, 
tritium, and berylhum In the future, however, 
alrborne effluent monitoring will be conducted for 
carbon tetrachloride, total hydrocarbons, mass 
emission rates for particulates, oxldes of nitrogen, 
and sulfur dioxide Instrumentation to prowde 
m-stack, real-time analysis and read-out of these 
effluents has been purchased and is being mtalled 
m selected exhaust ventilation systems T h s  
equipment will provide the required data to 
determine compliance with stack emission 
standards that have been promulgated by the 
Enwonmental Protection Agency and the Colorado 
Arr Pollution Control Diwsion 

Ambient Au Monitoring 

figh-volume ambient air samplers are located on 
the Rocky Flats Plant site, off-site at a distance 
of approximately 3 to 6 kilometers (2 to 4 miles) 
from the Plant center, and in several surrounding 
communities The a x  samplers are of a Rocky 
Flats desgn incorporating a commercially available 
Rotron Cyclonm blower, Model CHE-3 Ths 
blower is mounted in an aluminum box and is 
equipped with inlet and exhaust mufflers Also 
rncluded are a flowmeter operated by an annular 
probe and a resettable, elapsed-time indicator 
The high volume samplers operate continuously, 
drawrng a volume of a u  of approxlmately 19 hters 
per second (40 cubic feet per m u t e )  through a 
20- X 25-centimeter (8- X 10-mch) Delbag 
Microsorban@ filter 

Auborne particulates in ambient alr are sampled 
continuously at 24 locations within and on the 
penmeter of the Rocky Flats excluson area as 
shown in Figure 6 The sample filters are collected 
weekly and composited by location The particulate 
samples are analyzed biweekly for plutonium, total 

long-hved betaemitting radionuchdes, and berylhum 
Table 7 shows the volume-weighted average concen- 
trations of plutonium radioactivlty in axborne 
particulates d w g  1976 The hghest percentages 
of the RCGa were at Samplers S-5, S-6, S-7, and 
S-8 and S-9 An Sampler S-5, located at the 
penmeter security fence, is east of the solar evapora- 
tion ponds A pond cleanup operation was 
conducted from August through October 1976 
Ax Sampler S-6, located at the penmeter security 
fence, is duectly east of a sludge drymg bed Tlus 
sludge contams some residual plutonium Au 
Samplers S-7, S-8, and S-9 are located dlrectly east 
of an area in whch the soil is known to contam 
plutonium Soil removal operations m this area 
were undertaken d m n g  1976 These locations 
experienced the greatest concentrations of =borne 
plutonium activity Approxlmately 10 of the 24 
locations had an average plutonium concentration 
approachmg background The average concen- 
tration of plutonium in ambient an at all on-slte 
stations dunng 1976 was less than 0 192 X 1 O-I5 
528% pCi/ml This concentration was less than 
0 32% of the RCGa for soluble plutonium m 
ambient alr accesslble to inadentally exposed 
individuals 

Penodic maeases in radioactive fallout occur m 
the Umted States following atmosphenc nuclear 
weapon testmg conducted by the Republic of 
Chna To assess the local effect of these tests, 
beta radioactivlty monitonng is conducted at the 
Rocky Flats Plant The volume-weighted average 
concentrations of long-hved beta-emittmg mho- 
nuchdes measured durrng 1976 are shown in 
Table 8 At Samphng Stations S-1 through $24, 
the beta radioactiwty was 0 1 37 1 X 1 O-'* k 17% 
pCi/ml Th~s concentration was 0 14% of 
the RCGa for total long-hved beta radioactivlty 
rn ambient arr accessible to  mcidentally exposed 
mdivlduals One Chmese atrnosphenc nuclear 
weapons test was conducted m October and a 
second test in November, whch resulted m h~gher 
beta radioactivlty dunng these two months. 

Samples of alrborne particulates are collected on 
filters by hgh-volume ax samplers at 14 locations 
surroundmg the Rocky Flats Plant These samplers 
are located between 3 to 6 kilometers (2 to  4 miles) I 

from the Plant center (Figure 7) The samplers 
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are numbered S-3 1 through S-44 Samples from 
each location are collected weekly, composited by 
location, and analyzed biweekly for plutonium 
Table 9 shows the volume-weighted average 
concentrations of plutoruum radioactivity in ax- 
borne particulates at Stations S-3 1 through S-44 
d m g  1976 The average concentration of 
plutomum m ambient m at these locations d u g  
1976 was less than 0 0 15 X 
Th~s  concentration was less than 0 08% of the 
soluble plutonium RCGa for the general population 

-+ 15% pCi/ml 

Samples of alrborne particulates also were collected 
by hgh-volume ax samplers at 12 locations in or 
near commuruties m the vlcmity of the Rocky 
Flats Plant These locations, as shown in Figure 7, 
include Boulder, Broomfield, Denver, Golden, 
Jeffco Axport, Lafayette, Leyden, Marshall, 
Supenor, Wagner, Walnut Creek, and Westmster 
Sample filters are collected weekly, composited by 
location, and analyzed biweekly for plutonium 
radioactivlty and for total long-hved beta radioactivity 

, 

Table 10 shows the volume-weighted average 
concentrations of plutonium in axborne particulates 
at the community stations during 1976 The 
average concentration of plutonium m ambient a 
at the community stations was less than 
0 013 X +lO%pCi/ml T h s  concentration 
was less than 0 07% of the soluble plutoruum 
RCGa for the general population 

The volume-weighted average concentrations of 
long-hved beta radioactivity dunng 1976 are Bven 
in Table 1 1 Community beta samples were not 
analyzed dunng November and December 1976 
The average concentration of long-hved beta emitters 
in the communities d u n g  1976 was 0 035 X 
+6% pCi/ml Ths concentration was 0 12% of the 
apphcable RCGa for the general population 

Waterborne Effluent Monitomg 

During 1976, wastewater discharged from the 
Rocky Flats Plant consisted of coohng-tower 
blowdown, stream condensate, and sanitary waste 
These hquid wastes were subjected to tertiary 
treatment before discharge from the Plant Sohds 
resulting from this operation were decomposed in 

an anaerobic digestor After drying, the contents 
of the digestor were packaged in 55-gallon drums and 
shpped in comphance with apphcable regulations 
to an ERDA waste-storage facility in Idaho 

After treatment, the hquld effluents are discharged 
through the B-senes holding ponds to South 
Walnut Creek (see Fgure 3) Holding Ponds B-1 , 
B3, and B-4 provlde additional natural treatment 
of water discharged from the sanitary waste 
treatment facihty pnor to that water’s release 
offslte Ponds B-1 and B-3 are eqmpped to 
impound water so that analysis can be performed 
prior to release and to prevent accidental hquid 
releases Pond B-2 is isolated from the stream and 
is used to impound process wastewater The 
process wastewater is then pumped to Pond A-2 on 
North Walnut Creek for storage and evaporation 

Average concentrations of chemical and biologml 
constituents of routme hquid effluent samples 
collected dunng 1976 are shown m Table 12 T h s  
table is divided into sections that hst the approprtate 
Colorado Department of Health standards and the 
EPA-NPDES permit hmitations in effect during 
1976 Daily NPDES effluent concentrations for 
biochemical oxygen demand were exceeded at the 
sewage treatment plant outfall on three occasions 
The daily maximum hmitation for t h s  parameter 
is 25 mg/l The first two violations occurred in 
March when daily values of 49 and 26 mg/l were 
recorded The thud wolation occurred in September 
when a daily maximum of 49 mg/l occurred 
Investigations conducted d m n g  these three days 
did not mdicate any abnormal conditions All 
monthly NPDES hi ta t ions  were m comphance 
during 1976 Overall, the tertiary treatment system 
operated successfully 

North Walnut Creek receives natural runoff from 
the north side of the Plant site Holding Pond A-3 
on North Walnut Creek is used to impound surface 
water runoff for analysis pnor to that water bemg 
released Ponds A-1 and A-2 are isolated from the 
stream and are used to store process wastewater 
One holding pond, C-1, is located on Woman Creek 
and can be used to impound accidental releases of 
hquid No impoundment of effluent waters on 
any of the three watercourses was necessary during 
1976 When planned releases are made from 
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Holding Pond A-3 , the water is sampled continuously 
These samples are analyzed for plutonium, uranium, 
americium, and tritium Water is sampled 
continuously and collected daily from the outfalls 
of Ponds B-4 and C-1 (Figure 3) These daily 
samples are composited into weekly samples for 
analysis of plutonium, uranium, and amencium 

Concentrations of plutonium, uranium, and 
americium in water samples at the outfalls of 
Ponds A-3, B-4, and C-1 are shown in Table 13 
The annual average concentrations of plutonium in 
the outfalls of these ponds during 1976 were 

A-3 = 0 457 X k72% pCi/ml 
(0 03% of the RCG,) 

B-4=2 161 X 10-9+26%pCi/ml 
(0 13% of the RCG,) 

C-1 = 0 275 X 1 0-9 +58% pCi/ml 
(0 02% of the RCG,) 

All uranium and americium concentrations in 
these ponds were less than 0 08% of the applicable 
RCG, 

Walnut Creek is sampled continuously at Indiana 
Street, which is downstream from the confluence 
of the stream tributaries and approximately at the 
Plant’s east boundary These samples are composited 
weekly and analyzed for plutoruum, uranium, and 
amencium Results of the analyses are shown in 
Table 14 The 1976 average concentrations, 
respectively, for plutonium, uranium, and amencium 
at the Indiana Street location were as follows 

0 529 X 1 0-9 +20% pCi/ml (0 03% of the RCG,) 

water samples are summarized in Table 15 The 
tntium concentrations at all of the above locations 
were less than 0 11% of the apphcable RCG, 

I 

Groundwater Monitomg 

The Rocky Flats Plant routmely samples 35 
hydroloDc test holes at approxlmately five-month 
mtervals This test is conducted to determine if 
there is any movement of chemical or radioactive 
materials of possible Plant origin into water-bearing 
strata underlying the site 

Five of the test holes are approxlmately 46 meters 
(150 feet) deep or deeper These test holes 
provide information concerning water movement 
in bedrock formations The remming test holes 
range from 1 to 15 meters (4 to 50 feet) deep and 
are generally located near three on-site solar 
evaporation ponds and various other holding ponds 
Locations of the 35 test holes are shown in 
Figure 8 I 

Dunng May and October of 1976, test holes 
continmg water were sampled and analyzed for 
plutonium, uranium, amencium, and tritium 
Table 16 gives the depths of the test holes and the 
concentrations of radioactive material found in 
water samples collected durmg 1976 

I 

Tritium has appeared in test holes near the solar 
evaporation ponds and near Pond B-4 T h s  
indicates some seepage of water from these ponds 
mto the surrounding soil Historically, samples 
from these test holes have not indicated any 
movement of plutonium into the groundwater of 
the Plant site 

3 754 X 2 17% pCi/mI (0 04% of the RCG,) 
Regional Water Monitoring 

0 197 X +25% pCi/ml (0 01% of the RCG,) 

Dmng 1976, the outfalls of Ponds B-4, C-1 , and 
Walnut Creek at Indiana Street were sampled and 
analyzed weekly for tritium Pond A-3 was sampled 
and analyzed during each scheduled discharge 
Water samples collected weekly at Great Western 
Reservoir and Standley Lake also were analyzed 
The average concentrations for tritium in these 

Water samples are collected weekly from Great 
Western Reservou, whch is a water supply for 
the City of Broomfield, and from Standley Lake, 
whlch suppbes the City of Westmmster and portions 
of the Thornton-Northglenn area Tap or finished 
water from Boulder, Broomfield, and Westminster 
is collected weekly Quarterly tap water samples 
also are collected from the surrounding communities 
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of Arvada, Denver, Golden, Lafayette, Louiswlle, 
and Thornton These samples are analyzed 
specifically for plutonium, uranium, and americium 
The resulting data for 1976 are summarized in 
Table 17 

Dunng 1976, the plutonium concentration 111 

reservoir samples averaged less than 0 061 X 
+38% pCi/ml Commuruty tap water samples 
averaged less than 0 05 3 X lom9 +46% pCi/ml 
These concentrations were less than 0 004% of 
the soluble plutonium RCG, for the general 
population 

In September 1976, smgle water samples were 
collected from 29 additional reBona1 lakes, 
reservoirs, and streams Samples were collected to 
a distance of 32 kilometers (20 miles) from the 
Plant and were analyzed specifically for plutonium, 
uranium, and americium The resulting data, 
presented 111 Table 18, show that the average 
plutonium concentration in those samples was 
<O 226 X +159% pCi/ml That concentration 
was less than 0 01% of the soluble plutonium 
RCG, for the general population 

Sod Sampling and Analyses 

Approximately 60 soil samples are collected 
annually in the Plant envuons and analyzed for 
plutonium Samples are collected at radial 
intervals of 18 degrees and distances of 1 6, 
3 2, and 8 kilometers (1,2, and 5 miles) from the 
Plant The geometry of all soil samples is controlled 
by driwng a 10- X 10-centimeter (4- X 4-inch) 
cutting tool 5 centimeters (2 inches) into undisturbed 
soil The soil sample contained withm the tool 
cavity is then removed for analysis ' 
Sample preparation and analysis is conducted by a 
Rocky'Flats Health and Envxonmental Laboratory 
Procedure 
Nuclear Regulatory Commission guide The entue 
sample is ovendried, weighed, sleved through a 
10-mesh sieve to remove coarser rubble, and 
homogenized A IO-gram ahquot of the homogenized 
soil is then used for the plutonium analysis 
Chemical recovery IS determined by adding 
pIutonium-236 as a tracer, and the analytical 

This procedure is adapted from a 

results are reported in units of disintegrations per 
minute per gram of dry soil fines To account for 
the coarse matenal removed by sieving, the laboratory 
results are multiphed by the ratio of grams fines to 
grams in the total sample These values, in units 
of dismtegrations per minute per gram of dry soil, 
are then converted to picocuries per gram of dry 
so11 

The 1976 soil data are displayed on a map in 
Figure 9 The soil samphng results ranged from 
less than 0 01 to 5 95 pCi/g, with the hgher values 
being predommately located east and south of the 
Plant site There are no Federal standards for 
plutomum m soil 

I 
I 

I 

I!? 

Dunng the 1975 soil samphng and analysis program, 
a sample cross-contamination problem occurred 
and only 11 sample results were reported 
Evaluation and reanalysis of the remaining 1975 
samples have been completed The 1975 soil data 
are shown in Figure 10 

ASSESSMENT OF PLANT CONTRIBUTION I 

TO PUBLIC RADIATION DOSE I 

The Rocky Flats Plant has always strived to 
minimize all radioactive and nonradioactive effluents 
discharged from the Plant site to concentrations 
substantlally less than the allowable hmits Plant 
effluents contamng traces of plutonium, uranium, 
americium, and tritium could contnbute to the 
radiation exposure of the general population 

I 

Plutoruum rn the wcinity of Rocky Flats can be 
attnbuted to either Plant operations or to  fallout 
from nuclear testing Uranium occurs naturally 
and, in many areas in the state, is present in much 
hgher concentrations than found in the Plant 
wcinity Tntium also occurs naturally, however, 
some tritium in the local environment has resulted 
from Plant operations 

l 

I 

I 
Potential radiation doses to the public resulting 
from Plant effluents were calculated using envuon- 
mental exposure measurements made at  the ERDA 
property boundaries and in each of the surroundmg 
communities Inhalation and water consumption 
were found to be the principal pathways of 

I 
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exposure Consumption of foodstuffs and fish, 
in addition to swimming, were found to be 
insignificant For example, most of the food 
consumed locally is produced at considerable 
distances from the Plant, and the transfer of 
plutonium to man is on the order of lo-' 
or less l o  

Several assumptions were made in calculating the 
potential dose from the measured exposures Each 
of the radionuclides was considered to be in a 
chemical form that would result in maximum 
human uptake The radionuchdes were assumed 
to be soluble for those organs that will take up 
only soluble radionuchdes and to be completely 
insoluble for organs that take up the msoluble 

E = effective absorbed energy per disintegration, 
including a quahty factor for dose 
equivalent, MeV-rem/dis-rad (Ref 10) 

(Ref 10, 11) 

(Ref 10) 

day-' (Ref 10, 11) 
t = exposure time in days 

m = organ mass in grams (Ref 10) 

f, = fraction of nuchde reachng organ of interest 

I, = average a x  or water mtake rate in ml/day 

h, = effective ehmination or clearance rate in 

Insertion of the numerical constants and mnverson 
of units yield the followmg equation 

(3 7 X 104) (1 6 X (3 15 X 10') (1 - 4fieCc, 
form Additionally, the average radiation exposure 
measured in the surrounding communities was n =  

I 

assumed to  be constant to a distance of 80 kilometers 

The measured radioactivity exposures used for the 
dose calculations are listed in Table 19 Background 
radioactiwty (as listed in Table 2) was subtracted 
before the dose assessments were made Dose 
assessments were made dt the specific site-boundary 
location where maxmum exposure rates were 
obtamed Doses t o  indimduals and population sgtllficant modes of radionuchde mtake Evaluat- 
groups were calculated where the hghest radio- 
actimty concentrations were measured A dose 
estimate for total population w i t h  80 kilometers 

100$m 
where 

3 7 X lo4 = dis/sec-pCi 
1 6 X = ergs/MeV 
3 15 X IO7 =sec/yr 

100 = erg/g-rad 
h and water are consldered to be the only 

ing the equation for the various radionuchdes rn 
alr or water and for each speclfic organ results m 
the dose converson factor shown m Table 20 

t 

(50 miles) also was made 

The dose estimates from radionuchdes ongmatmg 
m effluents released from the Rocky Flats Plant 
were obtained using models and data presented 
in pubhcations of the International Commisslon 
on Radiologmil Protection1o, 
hterature l2 - I4  

A 

and in other 

The general equation used in assessing the dose 
resulting from contmuous inhalation or ingestion 
of a radionuchde was 

m 

where 

Maxtmum Site-Boundary Dose Rate 

Dunng 1976, the point of maxlmum potentnl 
exposure to an mdiwdual on the ate boundary 
was located east of the Plant at a n  sampler 
location S-37 If an mdiwdual were to 
continuously occupy this location, usmg the 
water from Walnut Creek, the dose m excess 
of that due to reBonal background concen- 
tration would be 0 11 milluem per year ' lbs 
dose represents less than 0 023% of the ERDA 
radiation protection standard for an mdmdual 
m the population For purposes of cornpamion, 
the annual dose due to terrestml and cosmic 
background sources was 128 milluem at ths 
unoccupied location 

D = Dose in rems 
C, = average nuclide concentration 111 pCi/ml 

B 

(as measured) 

Maxlmum Indiwdual and Population Dose 

The maxlmum indiwdual dose that may be 
attnbuted to Plant operations was found to 

11 I 
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occur in the community of Broomfield, which 
is about 11 kilometers (6 8 miles) east of the 
Rocky Flats Plant The princlpal dose 
contribution was tritium in the water supply, 
whch was in excess of regional background 
concentrations 
The annual dose to a Broomfield resldent was 
0 04 millvem Multiplymg ths dose by the 
population in Broomfield results m a total 
dose commitment of 0 55 man-rem These 
doses represent 0 008 and 0 022% of the 
individual and population radiation protection 
standards, respectively Ths dose commitment 
to the Broomfield population compares to an 
annual dose from terrestrial and cosmic 
background radiation sources of 1,595 man-rem 

C 80-Kilometer Man-Rem Dose 

Enwonmental monitoring in the envrons of 
the Rocky Flats Plant extends to a radial 
distance of about 26 kilometer (1 6 miles) 
To assess the indimdual and total dose to 
those populations withm 80 kilometers 
(50 miles) of the Plant, it was assumed those 
doses would be comparable to radionuchde 
concentrations, in excess of background, as 
measured III the surrounding communities 
The population residing withm 80 kilometers 
of the Plant was assumed to  be approximately 
1 809 milhon people distributed as shown in 
Figure 11 From these data, it is estunated that 
the total dose withm 80 kilometers of the 
Plant is 1 1 1 man-rem Ths dose is 0 004% 
of the ERDA radiation protection standard €or 
the general pubhc and compares to a dose of 
237,096 man-rem from terrestrial and cosmic 
background sources 
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T A B L E S  

1 through 20 

TABLE 1 Summary of Temperature, Precipitation, and Wmd Data 

24-Yea Period (1953-1976) Temperature 
(6 meters above ground) Average Record H~gh Record Low 

Annual Mean Temperature 
OC 9 8  11 4 7 4  
e F) ( 4 9 6 )  ( 5 2 5 )  ( 4 5 4 )  

Annual Maxlmum Temperature 
OC 35 1 38 9 32 0 
e F) ( 9 5 1 )  ( 1 0 2 0 )  ( 896 1 

Annual Mmunum Temperature 
"C -22 1 - 172 -32 2 
e F) (- 7 8  1 ( 1 0 )  (-260 1 

Annual Preapitation 
cm 

(in 1 

Wind 
(6 meters above ground) 

Annual Mean Wmd Speed 
mlsec 3 68 4 20 308 
(mph) ( 8 24) ( 940) ( 690) 

Wmd 
(61 meters above ground) 

Annual Mean Wmd Speed 
m/sec 

(mph) 

Annual Peak Gust 
mtsec 

(mph) 

61-meter-level wmd data measurement began in 1975 

1976 

9 6  
( 4 9 2 )  

32 0 
( 8 9 6 )  

-20 8 
(- 5 5  1 

343 
( 1 3 5 )  

384 
( 860)  

4 67 
( 1044) 

44 
( 9 9  1 
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TABLE 2 Reponal Background RaQoactmty Concentrations 

Au soll Water 
Radionuclide (X lo-" fiCCJml) WJg) (X lo-* pCJm1) 

Ura~um-234, -235, -238 0 1382 f 4 l%a 5 680 f 6 1  l%b 0 2 7 4 i  124%a 

Plutonium-238 0 0055 f 16 4%a 0 012 i l l 6  7%' 0 003 i 1 0 0  ma 
Plutonium-239, -240 0 0 1 2  f 66 7%a 

Amencium-24 1 0 0 1 1 4  *514%' <O 039' 0 046 i289%e 

Tritium ('H) 2000 i s m e  No Value 600 f 333%a 

0 0165 i 1 0  3%a 0 014 i 29 osbd 

a. Report No 4 U S Environmental Protecbon Agency, Office of Radiation Programs, Montgomery, Alabama 
Apnll976 

b Program 25 U S Enwonmental Protecbon Agency, National Environmental Research Center, Las Vegas. 
Nevada August 1973 

c C W Thomas Personal Communication Battelle Paclfc Northwest Laboratory, Richland. Washmgton. 
May 30, 1974 

d P W Krey HeuJrh Physics 30 200.214 (1976) 
e Rocky Flats Health and Environmental Laboratory 1976 

TABLE 3 Summary of Enwonmental Thermolummescent Dosmeter Measurements 

Annual Dose. (mluuem) 

Anthmeoc Geometnc Number of 
Locahon Measurements Mean Standard Devlation Mean Standard Devlation - - 

On-Site 134 113 18 113 1 

Environsa 124 106 11 108 1 

Communities i a  117 4 113 1 
~ 

a 3 to 6 hlometers (2 to 4 mdes) from the Plant 
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Approxmate 
Detecbon Lmit Approxmate 

Parameter (per sample) Sample Volume 

Stack Samples 

Approxnnate Mmmum Apphcable 
Detecbon Lmit Guides and Standards Reference 

Plutonium 2 0 X lO-’pCi 1,140 0 ma 
Total Long-Lived Alpha 2 9 X 10‘’ pCi 163 0 ma 
Tritium 7 5 x 1 0 - 4 ~ c l  9 0  ma 
Beryllium 4 2 X  10-5pg 1 ,1400 m3 

Ambient Au Samples 

Plutonium 2 0 x 1 0 - ~ p C i  20,000 0 ma* 
Total Long-Lived Beta 2 0 X loA5 pCi 20,000 0 ma* 
Tritmm 1 5 x 10-5pc1 1 0 0  ma 
Berylllum 6 0 X 10-5pg 20,000 0 ma* 

Effluent Water Samples. Radioactwe 

Plutonium 2 o x 10-7 pc1 1 0  hter 
Uranium 2 0 x lO-’pCi 1 0 liter 
Amencium 0 2 x lo-”ci 1 0 liter 
Tritium 2 5 X 10-6pCi 0 005 liter 
Total LongLived Alpha 1 3 X lo-’ pCi 2 5 0  ml 

Sod Samples, Rahoactlve 

< 0 06 X 10-12pCi/mi R F  Guide 
< 0 02 x 10-l’pCi/ml RF Guide 
< 2 0  X lo-’ pCi/ml RF Guide 
< 1 0 0  g / W  4 0  CFR 6 1  

< 0 02 x 10-12pCi/ml ERDAMC 0524 
33 3 x 10-l’pCi/ml ERDAMC 0524 

c66.667 0 X lo-’’ pCi/ml ERDAMC 0524 
< 1 0  X lo-’ pg/m3 4 0 C F R 6 1  

< 1,6670 x lo-’ pCJml ERDAMC0524 
<10,000 0 X lo-’ pCi/ml ERDAMC 0524 
< 1,3300 x lo-’ pCi/ml ERDAMC0524 
< 1,0000 X C i / m l  ERDAMC0524 
< 4 0 0  X lo-’ pCi/ml RFGuide 

Plutomum 2 0 X  lO-’pCi 5 0 0 0  cm’ 

Effluent Water Samples, Nonradioacbve 

0 4  X pCi/cm3 Not Appkable Not Apphcabk 

PH 
Total Nitrogen 
Phosphorus as P 
Fluonde 
Biochemrcal Oxygen 

Demand, 5-Day 
hssolved Oxygen 
Total Suspended Solids 
Total Chromium 
Residual Chlorine 
Od and Grease 
Fecal Coliforms 

Not Appllcable 
10 ml 
5 0  ml 
20 ml 

10 ml 

300 ml 
100 ml 

5 ml 
10 ml 

500  ml 
1 6 1 0 0  ml 

0 -  14 
0 2  mg/l 
0 2  mg/l 
0 2  mg/l 

1 0  mg/l 

1 0  mg/l 
2 0  mg/l 
0 05 mg/l 

< 0 1  mgll 
0 1  mg/l 
0 

*2-Week Composite 

6 0 - 9 0  
<=20 mg/l 
< = 8  mg/l 
<= 1 7 m g h  

<=25 mg/l 

=> 2 mg/l 
<=25 mg/l 
<= O l m d  
<= O l m a  
<=lo mg/l 

NPDES Permit 
NPDES Permit 
NPDES Pemut 
NPDES Permit 

NPDES Permit 

NPDES Permit 
NPDES Permit 
NPDES Permit 
NPDES Permit 
NPDES Permit 

400 organlsms/lOO ml(7-Day) NPDES Permit 
200 orgamms/lOO ml(36Day) 

Legend 

pCi = microcuries 
pg = micrograms 
ma = cubic meters 
ml = mdlditers 

RF = Rocky Flats 
40 CFR 61 = Code of Federal Regulaaons 

[ Nabonal Emlssion Standards 
for Hazardous Air Pollutants 

mg/l= milligrams per liter (USEPA11 

6131’ = cubic centmeters 
g = grams ERDAMC= ERDA Manual Chapter 

Elmmation System 
NPDES= Nabonal Pollutant Discharge 

1 
1 s  



RFP-ENV-7 6 

Element 

TABLE 5 Health and Enwonmental Laboratory Measurement Control Data 
(July through December) 

M a w  
Average 

Standard Value 
Relabve Errora 

(%I 

Amencium 
Beryllium 

Beryllium 
Uranium 

Plutonium 
Amenclum 

Rut onium 
Uranium 

Tritium 

Strontium 

Amenaum 
Plutonium 
Uranium 

Plutonium 

Effluent Fllters (Gelman AEB) 
Effluent Filters (Gelman A m )  

Room Air Fllters Whatman@) 

Effluent Filters (Gelman Am) 

Effluent Filters (Gelman A m )  
Surface Water 

Surface Water 
Surface Water 

Surface Water 

Surface Water 
Ambient Au Fllter (Mcrosorban-98@) 
Ambient A u  Fllter (Miclosorban-98@,) 
Ambient A n  Fllter (Microsorban-98@,) 

Sod 

2 70 dim 

0 99 m 
6 3 8  clg 

18 2 d/m 

1 6 6  d/m 
0 13 d/mP 

0 6  d/m/l 
16 1 d/m/l 

146  X 10spCi/l 

1 9 1  p a p  
5 1 d/m 

3 3 0  d/m 
4 8 3  d/m 
0 41 dlrn/g 

15 9 

55 1 
9 4  

13 3 

9 2  
I 9  2 
22 2 
66 1 

I O  
24 9 

14 5 

8 6  

16 9 
3 4  

Biasb 
(%I 

12 5 

41 6 

-10 0 
- 0 9  

5 2  
18 5 

21 5 

8 1  

- 1 0  

- 5 3  

9 4  
9 2  

- 

-28 6 
6 0  

Total 
Control Analyses 

240 

240 

240 
60 

240 
48 

48 
48 

60 
60 
48 
48 
48 

15 

a. The raho of the standard devrabon of the suc-month hfferences to the average standard value in percent, L e  observed value mmus standard 
value, dwided by average standard value, tunes 100 equals the rabo as expressed in percent 

b The su( month average bias m percent A minus slgn indlcates a negatwe bias, i e , the value obtruned were low No sign indicates a 
poutwe bias, i e ,  the values obtruned were high 

Legend - 
d/m = dmntegrahons per minute 
pg = micrograms 

d/mp = dismtegrabons per mmute per hter 
pCi/l = plcocunes per liter 

d/m/g = dmntegrabons per minute per gram 

16 
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TABLE 6 Effluent Releases to the Atmosphere 

Plutonium 

Sample 
Pen& 

January 
February 
March 
APd 
h Y  
June 
July 
August 
September 
October 
November 
December 

Summary 

Sample 
Penod 

January 
February 
March 

APd 
May 
June 
July 
August 
September 
October 
November 
December 

Summary 

Number of 
' Samp1e.s 

100 
91 

1 29 
103 
104 
130 
104 
130 
104 
104 
130 
78 

0 005 
0 026 
0 020 
0 003 
0 004 
0 003 
0 002 
0004 
0 002 
0 002 
0 010 
0 002 

Totala 
bC1) 

<O 195 
<O 721 

<O 230 
<O 326 
<o 345 

<o 345 

<O 129 
<o 340 
<o 344 

- 

co 283 

a iao 

<o 286 

Uranium 

168 
143 
155 
141 
144 
156 
140 
156 
155 
155 
144 
144 

o 248 
0 023 
0 165 
0 278 
0 726 
0 029 
0 020 
0 026 
0 048 
0 010 
0 014 
0 028 

C 3129 
< 1839 
< 2792 
C 2788 
< 2356 

3397 
< 2065 
C 1914 
< 2267 
< 1629 
< 1666 
< 1829 

1307 0 026 <3 724 iaoi 0 726 <27 671 

Tnttum 

Number of Cmax Total 

Samples (X LO-'' pCi/ml) tC1) 

160 
144 
153 
154 
169 
16 1 
158 
168 
164 
164 
165 
158 

1700 
1380 
2030 
2270 
2430 

1500 
1740 
2380 
4270 
2420 
1490 

iaao 

<o 084 
<o 068 
<o 104 
<O 103 

<O 076 
<O 074 
<O 092 
<O 133 
<O 143 
<o 115 
<O 079 

<o 088 

1918 4270 <1159 

&ryllnun 

Samples W m 3 c  
Number of cmw Total 

171 
173 
191 
163 

192 
166 
172 
183 
174 
173 
141 

168 

0 003 
0 002 
0004 
0 003 
0 007 
0 003 
0 00s 
0009 
0 009 
0 009 
0006 
0 015 

<o 443 
<O 245 
<O 179 
<O 179 
<o 284 
<o 342 
<O 243 
<o 300 
<o 220 
<o 204 
<O 385 
<O 681 

2067 0 01s C3 705 

a Radiochemically determined as plutonlum 
b Radtometncally determined as nonspecific total Ionelwed alpha actlnty 
c The beryllium emission Imitation is 10 grams per day under the proviuons of 40CFR61 and Colorado Au Pollubon Control Dlvlsion 

Regulation No 8 
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Station 

s-1 

s2 

s-3 

s-4 

s5 
s-6 

s7 

s-8 

s9 

s10 

s11 
s-12 

$13 

S14 

S15 

S-16 

S17 

s-18 

S-19 

$20 

s-2 1 

s22 

$23 

$24 

Summary 

Number of 
Samples 

21 

27 

21 

27 

28 

25 

37 

36 

34 

27 

26 

25 

27 

26 

26 

23 

27 

37 

26 

26 

27 

26 

27 

25 

657 

VolumeWaghted Average 
I 

TABLE 7 Plutonium Radioactivity in Rocky Flats Ambient Air 

Less Than 
Detectable 

Volume 
(X 1,000m’) 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

353 

475 

360 

538 

5 25 

5 34 

5 26 

480 

463 

491 

504 

492 

5 05 

510 

413 

422 

5 25 

486 

534 

45 1 

494 

513 

4 94 

4 84 

11,572 

Concentrationa (X 1 0 - l ~  pCi/ml) 

Cm in 

0 012 

0 013 

0 011 

0 015 

0 027 

0 050 

0 175 

0 080 

0 272 

0 010 

0 007 

0 012 

0 008 

0 006 

0 011 

0 008 

0 009 

0 014 

0 016 

0 019 

0 013 

0 008 

0 010 

0 007 

- 

0 006 

Cmax 

0 023 

0 035 

0 065 

0 209 

3 921 

2 723 

1277 

1324 

3 508 

0 057 

0 091 

0 115 

0 127 

0 045 

0 044 

0 075 

0 331 

0 115 

0 174 

2 551 

0 294 

0 046 

0 227 

0 556 

3 921 

b 
Cavg 

0 017 *IS% 

0 021 i66% 

0 025 +76% 

0 047 *60% 

0 578 *62% 

0 485 *58% 

0 544 i65% 

0 531 *64% 

1 352 +62% 

0 025 *65% 

0 019 *67% 

0 039 i63% 

0 032 i61% 

0 017 +67% 

0 020 *67% 

0 029 *66% 

0 057 i60% 

0 037 *64% 

0 077 i63% 

0 383 *54% 

0 062 *60% 

0 019 *63% 

0 038 *60% 

0 063 i65% 

0 192 *28% 

Percent of 
R C G , ~  

0 02 

004 

004 

0 08 

0 96 

0 81 

0 91 

0 89 

2 25 

004 

0 03 

0 07 

0 05 

0 03 

0 03 

0 05 

0 09 

006 

0 13 

0 64 

0 10 

0 03 

006 

0 11 

0 32 

a. Monthly composite statlon concentrabons 
b Volumeweq$ted average 
c The RaQoactwity Concentratlon Guide (RCG,) for soluble plutomum m ambient iilr accessible to incidentally exposed mdmduals is 

60 X lo-’’ microcuries per mtllditer ~ 

18 
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Station 

TABLE 8 Total Long-Laved Beta Radioactimty 111 Rocky Flats Ambient An 

Number of 
Samples 

Leas Than 
Detectable 

Volume 
(X 1,000m’) 

s-1 

s-2 

s-3 

s-4 

s-5 

sd 

s 7  

S-8 

s-9 

s-10 

s 1 1  

$12 

$13 

S-14 

s 1 5  

$16 

S-17 

$18 

S-19 

s-20 

$2 1 

s-22 

$23 

$24 

21 

27 

21 

27 

28 

25 

37 

36 

34 

27 

26 

25 

27 

26 

26 

23 

27 

37 

26 

26 

27 

26 

27 

25 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

Summary 65 7 0 

VolumeWelghted Average 

363 

435 

411 

542 

505 

535 

506 

461 

46 1 

480 

484 

492 

484 

489 

4 15 

462 

495 

467 

512 

434 

475 

534 

475 

486 

0 0402 

0 1441 

0 0970 

0 1211 

0 1456 

0 1235 

0 1453 

0 1565 

0 1604 

0 1537 

0 1548 

0 1130 

0 1386 

0 1760 

0 1411 

0 1114 

0 1320 

0 1767 

0 1385 

0 1430 

0 1390 

0 1425 

0 1448 

0 1276 

11,403 

0 1371 i17k  

Penxnt of 
RCG,b 

004 

0 14 

009 

0 12 

0 15 

0 12 

0 15 

0 16 

0 16 

0 15 

0 15 

0 11 

0 14 

0 18 

0 14 

0 11 

0 13 

0 18 

0 14 

0 14 

0 14 

0 14 

0 14 

0 13 

0 14 

a Monthly station composite volumeweighted averages 
b The Radioactmty Concentratlon Guide (RCG,) for total long-hed beta actwrty m a m b m t  a u  accessible to  incidentally 

exposed mdwiduals IS 100 X lo-’’ microcuries per mdllliter 
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TABLE 9 Plutomum Radioactivlty m Ambient Au [3 to 6 kdometers (2 to 4 mles) from Rocky Flats] 

Stahon 

S 3  1 

S-32 

s-33 

s-34 

$35 

S-36 

s 3 7  

S-38 

s-39 

s40 

S-41 

s-42 

s 4 3  

s-44 

Number of  
Samples 

25 

27 

25 

26 

27 

26 

27 

27 

27 

26 

27 

27 

24 

26 

Summary 36 7 

Volume-Weighted Average 

Less Than 
Detectable 

1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

1 

2 

Volume 
(X 1,000m') 

415 

561 

544 

531 

548 

480 

561 

565 

5 09 

465 

508 

45 1 

403 

517 

7,058 

Concentrahon (x rrCilml) 

Cmin 

<O 003 

0 004 
0 003 

0 005 

0 004 

0 004 

0 007 

0 004 

0 005 

0 004 

0 004 

0 004 

0 005 

<o 002 

<o 002 

Cmax 

0 018 

0 112 

0 031 

0 028 

0 037 

0 051 

0 055 

0 036 

0 025 

0 034 

0 027 

0 028 

0 021 

0 037 

0 112 

Cavp" 

<o 012 +91% 

0 026 +78% 

0 012 +92% 

0 012 +90% 

0 013 +86% 

0 017 +85% 

0 024 +89% 

0 015 i86% 

0 013 +90% 

0 014 +87% 

0 012 +89% 

0 013 *89% 

0 014 t93% 

<O 013 +90% 

<O 015 i lS% 

Percent of 
RCG? 

<O 06 

0 13 
0 06 

0 06 

0 07 

0 09 

0 12 

0 08 

0 07 

0 07 

006 

0 07 

0 07 

<o 07 

<O 08 

a- Volumeweighted average 
b The Radioactivity Concentrabon Guide (RCG,) for soluble plutomum in ambient au accessible to the populahon at large is 20 X IO-'' 

rnicr~cunes per mltlltiter 

Community 

Boulder 

Broom field 

Denver 

Golden 

Jeffco Auport 

Lafayette 

Leyden 

Marshall 

Supenor 

Wagner 

Walnut Creek 

Westminster 

Summary 

Station 

s-54 

S-56 

S-61 

s-62 

S 5 2  

s 5 5  

$59 

S-5 1 

s 5 3  

S-58 

$57 

sa0 

Volume-Weighted Average 

TABLE 10 

Number o f  
Samples 

28 

27 

25 

28 

28 

25 

21 

28 

26 

28 

25 
28 

3 17 

Plutomum Radioactivlty m Community Ambient A t r  

Less Than 
Detectable 

0 
0 

0 
1 

0 

0 

0 

0 

0 

0 

0 

0 

1 

Volume 
(x 1,000m3) 

5 24 

495 

402 

518 

34 1 

396 

346 

469 

474 

502 

465 

488 

5,420 

Concentration (X uCi/ml) 

Cmin 

0004 

0004 

0 009 
<O 003 

0004 

0 005 

0 005 

0 005 

0 003 

0006 

0006 

0 004 

<O 003 

Cmax 

0 026 

0 022 

0 073 

0 016 

0 019 

0 031 

0 029 

0 022 

0 029 

0 020 

0 017 

0 018 

0 073 

- C a v i  

0 012 *218% 

0 012 *210% 

0 021 *236% 

<O 010 *217% 

0 012 *229% 

0 015 i221% 

0 016 i213% 

0 012 i207% 

0 013 i196% 

0 012 i21996 

0 011 *208% 
0 010 i21696 

COO13 i 10% 

Percent 
R C G , ~  

006 

006 

0 11 

<o 05 

006 

0 08 

0 08 

OM 
0 07 

006 

006 

0 05 

<O 07 

a. Volume-weighted average 
b The Rad~oacttvity Concentrabon Guide (RCG,) for soluble plutonium m ambient an accessiMe to the populahon at large IS 20 X 10-ls 

micrwunes per mdhhter 

20 



TABLE 11 Total Long-Laved Beta Radloactity 111 Community Ambient Au 

Number o f  Less Than Volume Concentration 
Location samplesa Detectable (X 1,000m3 (X pCcJml) 

Boulder 20 0 421 0 0319 

Broom field 20 0 403 0 0314 

Denver 20 0 320 0 0368 

Golden 20 0 415 0 0332 

Jeffco Anport 12 0 223 0 0388 

Lafayette 

Leyden 

20 0 

20 0 

349 0 0353 

326 0 0333 

Marshdl 20 0 359 0 0470 

Supenor 20 0 370 0 0408 

Wagner 20 0 395 0 0379 

Walnut Creek 20 0 402 0 0307 

Westminster 20 0 377 0 0323 

Summary 232 0 4,360 

Volume-Weq$te.d Average 0 0355 i6% 

Percent of 
RCG,b 

0 09 

009 

0 12 

0 09 

0 12 

0 12 

0 09 

n 15 

0 12 

0 12 

0 09 

0 09 

0 12 

a No samples analyzed dunng November and December 1976 
b The Ra&oactmty Concentration Guide (RCG,) for total long-hved beta activity in ambient au accessible to the populabon 

at large is 33 3 x lo-'' microcuries per mdlditer 

21 
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\ 

TABLE 12 Average Concentrations of Chemical and Biologcal Constituents of Sewage Treatment Plant Effluent 

Parameter 

Annual 
Average 

Concentranon 
Average 

Q u a n w  

NPDES 
Monthly 

Lunitanons Agencya 

AnnUalb 
Percent of  
Lnni tanon 

Dlscharge Pomt 001 
PH 
Fecal Coliform Count 

Dissolved Oxygen 

Residual Chlonnee 

Suspended Solids 

Biochemical Oxygen Demand, 5-Day 

Phosphorus as P 

Nitrate as N 

Total Nitrogen 

Fluonde 

Total Chromium 

011 and Grease 

Turbimty 

Color 

Dlscharge Point 002 
PH 
Nitrate as N 

mscharge Point 003 
Nitrate as N 

Total D~ssolved Solids 

PH 

Chemical Oxygen Demand 

7 3  

0 1/100 ml 

7 0  mg/l 

< 0 1  mg/l 

< 2 2  mg/l 

< 4 0  mg/l 

10 mgll 

5 9  mg/l 

< l o 9  mg/l 

< 0 4  mg/l 

< 0.05mg/l 

< 0 2  mg/l 

1 0  JTUf 

1 9 4  Umts 

N A ~  

NA 

NA 

NA 

<14 kg/day 

<2 6 ke/day 

NA 

3 7 kg/day 

<7 9 kg/day 

NA 

NA 

NA 

NA 

NA 

6Oto9O 

<200/100 ml 

> 4  mg/l 

< 0 1  mg/l 

<15 mg/l 

<10 mg/l 

< 8 mg/l 

<10 mg/l 

<20 mg/l 

< 1 7  mg/l 

< O05mg/l 

<10 mg/l 

<30 J T U  
<30 Umts 

USEPA 

USEPA 

USEPA 

USEPA 

USEPA 

USEPA 

USEPA 

USEPA 

USEPA 

USEPA 

USEPA 

USEPA 

CDH 

CDH 

In Range 

In Range 

In Range 

In Range 

<15 

<40 

12 

59 

<54 

24 

In Range 

< 2  

In Range 

In Range 

8 0  NA 6 0 t o 9 0  USEPA In Range 

< 3 4  mg/l NA 10 mg/l USEPA < 34 

0 4  mg/l NA NA USEPA NA 

1526 mg/l NA NA USEPA NA 

8 4  mg/l NA NA USEPA NA 

106 mg/l NA NA USEPA NA 

a CDH - Colorado Department of Health, Water Quality Control Commrsslon, Denver, Colorado USEPA - U S Enwonmental Protecbon 
Agency, Washmgton, DC (Regron Office MII,  Denver, Colorado) 

b Annual average concentrattons are mdicaton of ovaall perfomrance An monthly lunitabons were m compliance 
c The USEPA-NPDES discharge permit defines Ihachargc Po- 001,002, and 003 as the Sewage Treatment Plant, Pond A-3, and Pond C-1, 

respecWe1y 
d NA - Not apphcable 
e As measured at the outfall of Pond B4 
f JTU - Jackson Turbidity Umt 
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TABLE 13 Plutonium, Uranium, and Americium Ra&oactivity m Rocky Flats Ponds 
Plutonium Concentraaon (X pCi/ml) Uraruum Concentraaona (X lo-’ pCJml) 

Number of Percent of Number of Pamxnt of 
Locabon Samples Gin Cm, Cavg R a w c  Samples Cmm %ax Cavg RCC,d - -  - -  
Pond A-3 28 0033 3734 0457t7246 0 03 20 1856 15622 8216i369b 008 

Pond B-4 51 0080 10944 2 161 i26%b 0 13 38 1578 4505 1 6 5 6 i  Zgb 002 
Pond C-1 51 0013 3379  <0275i58% <002  38 0473  2801 1191i22’k 0 01 

h e n u u m  Concentratmn (x 10-9pC~ml) 

Number of Percent of 
Locaaon Samples C&, (&a Cavg RCCwC - -  
Pond A-3 28 0009 0612 <O 142*47% < 0 0 1  
Pond EM 51 0014 3244 0618*26%b 005 

Pond C- 1 51 0003 1012 <O 1 0 3 i 5 7 2  < 0 0 1  

a. Uraxuum analyses through September 
b Volumewegh ted average 
c The Radioactrvity Concentrabon Guide (RCG,) for soluble plutontum m water is 1,667 X lo-’ micToCurm per m m t e r  
d The RCC, for soluble uranmm is 10,OOO X lo-’ microcunes per mdiliter 
e The RCC, for soluble amerlcium is 1,330 X micrOcunes per maliter 

TABLE 14 Plutonium, Uraruum, and Americium Radioactmty m Walnut Creek 
Hutonturn Concentration (x lo-’ pCJml) U r w m  concentration” (X pCi/ml) 

Number of Percent of Number of Percart of 
Locabon Samples qnm caVgb RCG,~ samples cmm G~ Cmb RCCWd 

Walnut Creek 
at Ind~ana Street 51 0 105 1603 0 5 2 9 i 2 M  0 0 3  38 1523 7087 3754t17’k 004 

Amencium Concentrabon (X lo-’ rCl/ml) 

Number of Percent of 
Locabon Samples Cmm %ax Cavg RCG,’ - -  

51 0007 0742 0 197*25% 0 0 1  Walnut Creek 
at Indiana Street 

a Uranium analyses through September 
b Sample-weghted average 
c The Rahoactmty Concmtrabon Guide (RCC,) for soluble plutontum m water is  1,667 X lo-’ mwocuncs per millihter 
d The RCG, for soluble uranmm 1s 10,000 X lo-’ micrmnes per maliter 
e The RCG, for soluble amencium is 1,330 X lo-’ mlcrocunes per millihter 

TABLE 15 Tritium Radioactiwty m Water Samples 
Tritium Concentrabons (X pCJml) 

Percent pf Number of 
Location Samples Cmm Cmax Cavp” KCUW 

- - 
Pond A-3 33 <so0 1877 < 804 *14% <O 08 
Pond B-4 58 <500 2207 c 887*11% <O 09 
Pond C-1 58 <500 1893 < 660*11% <O 07 
Walnut Creek at Indiana Street 58 <500 2160 <lo98 ilO% <o 11 
Great Western Reservoir 51 <500 1872 < 9 5 3 i  9% <o 10 
Standley Lake 5 1  <500 1314 < 647i10% <O 06 

a Sample-weighted average 
b The Radioactrvity Concentration Guide (RCG,) for tntmm in water released to uncontrolled areas IS 1,000,OOO X lo-’ 

microcunes per mlllihter 
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Locabon 
Number 

TABLE 16 Plutonium, Uranium, Americium, and Tntium Radoactmty m Groundwater 

Plutomum Concentration 
(x 10-9 rct/ml) 

Uranium Concentration 
( x 1 0-9 rCi/ml) 

Amenctum Concentrabon 
(x rCi/ml) 

Tntium Concentraaon 
(X rCl/ml) 

October October October October 

1-60 
2-60 
3-60 
4-60 
5-60 
6-60 
1-66 
2-66 
3-66 
1-71 
2-7 1 
3-71 
4-7 1 
5-7 1 
6-71 
1-74 
2-74 
3-74 
4-74 
5-74 
6-74 
1-74 
8-74 
9-74 

10.74 
11-74 
12-74 
13-74 
14-74 
15-74 
16-74 
17-74 
18-74 
21-74 
22-74 

23 
30 
30 
30 
30 
30 

148 
146 
153 
30 
30 
25 
22 
28 
30 
24 
10 
24 
6 

18 
7 

50 
40 
19 
10 
20 
4 

19 
4 

19 
4 

16 
7 

265 
315 

< M D A ~  
<MDA 
0 054 
0 077 
Dry 
0 032 
0 009 
0 014 
0 068 
0 050 
0 099 
0 014 

<MDA 

Dry 
0009 
0 018 
Dry 
Dry 
Dry 
DW 
Dry 
0 023 
Dry 
0 095 

Dry 
0 027 
Dry 
0 014 
Dry 
0 027 

Dry 
0 036 
0 014 
0 018 
0 027 

0 041 
0 014 
0 041 
0 090 
0041 
0 032 
0 041 
0 014 
0 027 
0 018 
0 027 
0 045 
0 018 
0 032 
0 014 
0 045 
Dry 
0 149 
Dry 
Dry 
Dry 

0 050 
Dry 
0 014 
Dry 

0 054 
Dry 

0 068 
0 045 
0 018 
0 270 
0 009 
0 014 
NSe 

0 045 

20 509 
16 568 
25 473 
16 878 

Dry 
2 568 
0 351 
0 284 
1059 
0 392 
0 387 
1523 
0 396 

Dry 
32 640 

5 284 

Dry 
Dry 
Dry 
Dry 
Dry 
5 482 

Dry 
77 203 

Dry 
1167 

Dry 
6 086 
Dry 

27 959 

Dry 
10631 
41 518 

1694 
3 667 

N R ~  
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

Dry 
NR 
Dry 
Dry 
Dry 
3 558 
Dry 
NR 
Dry 
NR 

Dry 
NR 
NR 
NR 
NR 
NR 
NR 
NS 
NR 

0 095 
0 049 
0041 
0 086 

Dry 
0 014 
0 023 
0 027 
0 054 
<MDA 
0 059 
0 018 
0 027 

Dry 
0 027 
0 004 

Dry 
Dry 
Dry 
DW 
Dry 

0 018 
Dry 

0041 
Dry 

0 014 
Dry 

0 099 
Dry 

0 014 

Dry 
0 112 
0009 
0 018 
0 023 

0 054 
0 009 
0 045 
0 077 
0 032 
0 032 
0 049 
0 027 
0 023 
0 054 
0 041 
0 018 
0 014 
0 009 
0 063 
0041 
Dry 

0 054 
Dry 
Dry 
Dry 

L 

Dry 
0 014 
Dry 
0 009 
Dry 
0004 
0 032 
0 005 
0 032 

<MDA 
L R ~  
NS 

0 014 

NR 
NR 
NR 
NR 
Dry 
NR 
NR 
NR 
NR 
NR 
NR 
NR 
NR 

Dry 
NR 
NR 

Dry 
Dry 
Dry 
Dry 
Dry 
NR 

Dry 
NR 
Dry 
NR 
Dry 
NR 
Dry 
NR 

Dry 
NR 
NR 
NR 
NR 

969 
2987 
4322 
191 1 
2915 
4318 

L C  

1493 
821 
903 
962 

1270 
937 

1177 
2993 
879 

Dry 
875 

Dry 
Dry 
Dry 
838 

Dry 
85 9 

Dry 
886 

Dry 
894 

Dry 
874 
879 

1664 
930 
NS 
860 

a. <MDA - lesslhan Mmnnum Detectable Actmty 
b NR - sampled but not analyzed 
c L-LostduIlnganalysr 
d LR-LOWRCCWCXY 
e NS-NotSampled. 
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TABLE 17 Plutomum, Urmum, and Amencium Ra&oactmty m Public Water Supplies 

Number of 
Reservoirs Samples 

GreatWestem 51 
StandleyLake 46 
Summary 97 
Fuushed Water 

ANada 4 
Boulder 50 
Broomfiild 49 
Denver 4 
Golden 4 
Lafayette 4 
L o u d e  4 
Thomton 4 
Westmmster 51 
Summary 1 74 
Sample-Weghted Average 

Pacent of 
Cmm %ax Cave RCGwb - -  
<OW8 0505 <0061f  38% < O W  
<OW2 0689 <0045* 87% <OW3 
<OW2 0689 - - 

<o 002 
<o 002 
<o 002 
<O 004 
<o 008 
<o 004 
<o 005 
<o 011 
<O 003 
<o 002 

- 

0 034 
0 532 
1128 
0 023 
0 014 
0 079 
0 018 
0 065 
1104 
1128 - 

<O 018 *143% 
<O 033 * 67% 
<O 095 f 75% 
<0013 f 96% 
<o 011 f 35% 
<O 036 *142% 
<0011 * 74% 
<O 036 i 114% 
<o 047 f 95% 

<O 053 * 46% 
- 

<o 001 
<o 002 
<O 006 
<o 001 
<o 001 
<o 002 
<o 001 
<o 002 
<O 003 

<O 003 
- 

Number of Percent of 
k p l m  Cmul %ax Cavg‘ RCC,C - -  

33 0647 6326 0 8 7 7 * 5 0 %  0009 
28 1447 5557 1849*  38% 0020 
61 0647 6326 - - 

3 
31 
31 

3 
3 
3 
3 
3 

34 
114 

1 476 
<O 016 

0 410 
2 226 
1306 
0 385 
0 251 
2 354 
0 619 

<O 016 - 

2 302 
3 153 
1677 
2 568 
2.992 
0 462 
0 497 
4 059 
6 728 
6 728 

- 

1976 f 61% 
<O 190 ill641 

0 5 4 8 i  38% 
2 3 7 2 *  18% 
2 1 7 3 i  97% 
0424 i 21% 
0 3 7 4 f  82% 
3 231 * 66% 
1078 f 49% 

<1 136f 14% 
- 

Amencium ConcentraQon (X lO-’pCh/ml) 
Number of Percent of  

Reservous Samples Cmm Cmax Cavga RCCwd - - -  
Great Westem 5 1 <Ow2 0176 <0025f  32% ~ 0 0 0 2  
StandleyLake 47 <0001 0830 <0051f  78% <0004 

Fuushed Water 

Summary 98 <OW1 0830 - - 

Arvada 4 
Boulder 50 
BroomfEId 49 
Denver 4 
Golden 4 
Lafayette 4 
Loulsvllle 4 
Thomton 4 
Westmmster 51 
Summary 174 
Sample-Weghted Average 

<o 001 
<o 002 
<o 001 
<O oc% 
<O 004 
<o 002 
<o 001 
<o 002 
<o 002 
<o 001 

- 

0 152 
0 342 
0 476 
0 066 
0 033 
0 249 
0 024 
0 062 
0 662 
0 662 

- 

<O 061 *177% 
<O033* 61% 
<0052f  52% 
<O 024 i187% 
<O 017 i133% 
<O 104 i1618 
<o 012 *121% 
<O 037 f127% 
<0051f  68% 

<0044 f 32% 
- 

<o 005 
<o 002 
<o 004 
<o 002 
<o 001 
<O 008 
<o 001 
<o 003 
<o 004 

<O 003 
- 

0 020 
<o 002 

0 005 
0 020 
0 020 
0004 
0 004 
0 030 
0 010 

<o 010 
- 

a. Sample-weghted average 
b The Ra&oactmty Concentrabon Guide (RCG,) for soluble plutomum in water 1s 1,667 X 
c The RCG, for soluble uramum is 10,000 X 
d The RCG, for soluble amencium is 1,330 X 

microcunes per mdhhter 
mlcrocunes per m a t e r  
microcunes per milllliter 
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TABLE 18 Plutomum, Uramum, and Americium Radioactivlty 111 Regonal Lakes, Reservous, and Streams 

Plutonium Concentration (X pCi/ml) Uranium Concentration (x pCi/ml) 

hstance from Number of Percent of Number of Percent of 
Rocky Flats Plant Samples Cm, Cm, Cav; RCG,~ samples cmln cmaX Cavg" RCGWC 

-- - -  
Less than 5 mlles 12 <0009 2014 <0226*159% <0010 0 N A ~  NA NA NA 

Greaterthan5mlles 17 <OW5 0189 <0040* 56% <OW2 14 0644 128960 12383*157% 0120 

h e n c i u m  Concentrabon (x lo-' pCi/ml) 

Distance from Number of Percent of 
Rocky Flats Plant Samples C,, Cm, Cavg" RCGwe 

--- 
Less than 5 mlles 11 <0014 0400 <0129 i  61% <0010 

Greater than 5 mlles 5 <O 009 0 540 <O 156 *175% <O 010 

a Sampleweighted average 
b The Radioactnnty Concentrabon Guide (RCG,) for soluble plutonium m water is 1,667 X 
c The RCG, for soluble urannun IS 10,OOO X lo-' microcuries per mlllliter 
d NA means no analyss was performed 
e The RCG, for soluble amencium IS 1,330 X lo-' mmocunes per milliliter 

microcuries per mdlihter 

TABLE 19 Radioactivlty Concentrations Used for 1976 Dose Calculations 

Averaage Concentrationa 
h t m n  Parameter bald) 

Fence h e  

k r  Sampler $37 
Walnut Creek at Indrana Street 
Walnut Creek at Indlana Street 
Walnut Creek at Indmna Street 
Walnut Creek at Indma S t m t  

Broomfdd Amblent Au 
Broomfield Flwhed Water 
Broomfield Fmlshed Water 
BroomfEld Fmshed Water 
Great Western Reservoir 

Commuruty Average 
Community Average 
Commwty Average 
CommuIuty Average 

COllImUNty 

80 Kiiometer 

Plutonium m Au 
Plutonium m Water 
Uranum m Water 
Amencium m Water 
Tnbum m Water 

~UtONUm h I  
Plutonium m Water 
Uramum m Water 
h e r m u m  in Water 
Tntlum m Water 

Plutonium m Au 
Plutomum m Water 
Uranmm m Water 
Amemum m Water 

0 037 x IO-'' t 93% 
0 529 X lo-' f 23% 

0 197 x lo-' f 3096 
< l l O o X  lo-' f 5% 

3 754x 10-9 * 13% 

0 012 x lo-'* i21096 
<oogsx 10-9 i 26% 

0 5 4 8 ~  10-9 f 35% 
<0052X f 31% 

0 953 x lo-' f 14% 

<O 013 X lo-" f 10% 
<O 053 X lo-' f 49% 

1 i 3 6 x  10-9 18% 
~ 0 0 4 4 ~  io-. t 25% 

a. Background values from Table 2 were subtracted from each number befare it was used 
for the dose calculatlona 

TABLE 20 Factors for Convemon from Concentrabon to Dose (rem-ml/pCi) 
Water Facto& Au Facto8 

0- PhltONUm Plutonnun UIIuuum Amcmlum Tritium 

Total Body 2J7X lo1' 3 40 X 10' 358X loa  1 2 1  x 10' 101  x loa 
Bone 105 x 10" 138X l(r 366X lo3  149 x 10' N A ~  
M e r  161  X 10" 2 0 0 x  103 NA 169 X 10' NA 
Q h Y  1 2 0 x  10" 158 x 103 150 x 103 8 4 9 ~  103 NA 
Pulmonary Regton 2 38 X lo'* NA NA NA NA 

a. Concmtratlons expressed m &Jml mulaplplled by these convemon factors pve the dose, m rems, dunng 1976 
b NA means not applicable 
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I L L U S T R A T I O N S  

F~gures 1 through 11 

FIGURE 1 Location of the Rocky Flats Plant and Surroundrng Commuruhes 
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FIGURE 2 Location of the Rocky Flats Plant Boundaries 
15299 
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FIGURE 3 bquid Effluent Watercourses 
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FIGURE 4 1976 Wind Rose at the 6-Meter (20-Foot) Level 
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FIGURE 5 1976 Wind Rose at the 61-Meter (2WFoot) Level 
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FIGURE 6 Location of On-Site Ambient hr Samplers 
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FIGURE 7 Locabon of Off-Site Ambient Au Samplers 
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FIGURE 8 Location of Hydrologc Test Holes 
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A- hydrologc test hole locations 
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FIGURE 9 Plutoruwn Concentrabons III Sod - 1976 (Values are 111 picocunes per gram of total sample ) 
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FIGURE 10 Plutonium Concentration m Sod - 1975 (Values are m picocuries per gram of total sample ) 
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